The Twin Cities Prospective Study recruited executive and professional men Table 2 covers all causes of death and takes no account of other variables. Table 3 shows the coefficients of correlation between HDL and LDL cholesterol and other characteristics of the men. HDL cholesterol was not related to age, cigarette habit or residual air as % of the vital capacity. HDL cholesterol in the serum is negatively correlated with high significance to the body mass index and to the thickness of the skinfolds, indicators of body fatness,. It is positively correlated with the specific gravity of the body, a measure that is mainly an indication of body leanness. The relation of HDL cholesterol to these three indicators of relative fatness is statistically highly significant. The 1955 HDL data show a negative relation to systolic blood pressure and a less impressive negative correlation with diastolic blood pressure. Table 3 shows the coefficients of correlation between LDL cholesterol and other characteristics of the men. The positive correlation of the LDL cholesterol with the body mass index is at the borderline of significance, but the negative correlation with body density is highly significant. Note the highly significant negative relation between HDL and LDL cholesterol.
The data in 63 the number of deaths becomes too small for satisfactory analysis. The material in this study is inadequate for decision about the significance of HDL cholesterol for death within a relatively short period of time.
Discussion
The present study differs from other follow-up studies that have evaluated the relation of HDL cholesterol to risk in that the follow-up period after measurement of HDL cholesterol in this study is much longer. In the prospective study on almost 10 000 men in Israel the main report was based on only seven years of followup.8 A second report from that study added only slightly to the length offollow-up.9 Moreover, a major question about the Israeli study concerns the nonstandard method used for the estimation of HDL cholesterol and the remarkably low mean values for HDL cholesterol reported.
The much cited report on HDL cholesterol in the Framingham Study covered a follow-up period of only six years of subjects who were 59 to 82 years old when the measurements of HDL cholesterol were made."°Other prospective studies reported so far not only cover much shorter periods of follow-up than the Twin Cities Study but also are primarily reports on the incidence of CHD dominated by non-fatal cases.11-16
The finding in the Twin Cities Study is that in the long run longevity and total mortality are not significantly related to the level of HDL cholesterol in the serum. This agrees with the results from a 24-year follow-up of men in Finland."7 A much shorter follow-up, averaging 4.2 years, on 7415 men in the United Kingdom found a negative relation between CHD incidence and HDL cholesterol in univariate analysis, but the relation became non-significant when other variables were considered in the solution of the multiple logistic equation.'8 Non-HDL cholesterol, however, proved to be highly significant for the incidence of CHD in that study.
The report on the experience of the large study in Great Britain included a critical analysis of the reports in the literature on HDL cholesterol and the incidence of CHD in other prospective studies. "These British findings were compared with six other prospective studies. All ofthe larger studies showed similar results, suggesting that HDL cholesterol is not a major risk factor in the aetiology of ischaemic heart disease."' 8 The one exception is the report on only 48 men in Norway among whom 17 men developed CHD.'9 The British report also pointed to limitations of the data and analyses in the Framingham and Israeli reports which have been, next to the reports of Miller et al from Norway, the most insistent on the importance of HDL cholesterol. 64 The analyses in this report, like almost all other reports on the relation between mortality and serum cholesterol and HDL cholesterol, use linear regression as the primary model. However, the data from the MRFIT study show a curvilinear relation of serum cholesterol to mortality, especially to deaths from all causes.20 Elsewhere we have commented that the relation of death rate to serum cholesterol in the MRFIT study "is far from being a straight line."2' The plot of the data from the MRFIT study suggests a quadratic relation of death rate to serum cholesterol and also to diastolic pressure. Adding the squares of LDL cholesterol and of diastolic blood pressure to the independent variables used here in table 5 gives a slightly better fit of age at death to the independent variables. Table 5 shows R = 0.540 for the multiple correlation. Adding the squares of LDL cholesterol and of diastolic blood pressure gives R = 0.551 and R square = 0.303.
In regard to table 5 it should be noted that the age at death is closely correlated with the age at entry. Obviously the men aged 55 at entry had weathered 11 years of hazard that still faced the men aged 45 at entry. The upshot is that the prospects for longevity should be positively related to age at entry. The age at entry is a negative risk factor that can be evaluated by eliminating entry age from the variables considered in table 5. The result is that R falls from 0.540 to 0.441 for the correlation between age at death and the other six variables with R square = 0.195 and the F ratio = 2.842. In the MRFIT study there were 240 deaths among the "controls," the men who had no intervention to control risk factors.22 The death rates adjusted for age, diastolic blood pressure, and smoking habits showed no significant relation to HDL cholesterol.
The last word has not been said on the significance of HDL cholesterol in the blood serum. Final reports are awaited on the results in several large collaborative studies. As yet it is forbidden to quote the preliminary reports on those studies, but it can be stated that no great case has been made for the importance of HDL cholesterol in regard to CHD and no case at all for all causes deaths. Currently, many papers are being published on subfractions of HDL but so far they do not aid in the evaluation of HDL cholesterol as a risk factor.
The present paper is focussed on longevity and long range prospects as related to characteristics recorded in healthy men in middle age. It is concluded that longevity is not related to the concentration of HDL cholesterol in the serum of such middle-aged men, at least among business and professional men in Minnesota. Ancel Keys Many persons and organisations made possible the work summarised here. Grants from the US Public Health Service and the American Heart Association were crucial. The late Dr Joseph T Anderson was primar;ly responsible for the separation of the lipoproteins and estimation of HDL and total cholesterol.
